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Figure 3. Overview of the system design

We have integrated a range of datasets. HydroBASINS (Lehner and Grill 2013) is used as a global database
of catchment delineations at 12 scales. These data underpin the initial basin exploration and selection.
HydroBASINS additionally provides flow direction grids that are used to dynamically delineate catchments
based on user-selected locations. This is part of the reach definition process (see model description).
HydroLAKES (Messager et al. 2016) provides a global spatial database of water storages and their
characteristics, e.g. volume and surface area.

A range of climate data is provided by the platform, including The Climate Hazards group Infrared
Precipitation with Stations (CHIRPS) (Funk et al. 2015), The Climate Data Guide: GPCP (Daily): Global
Precipitation Climatology Project (Pendergrass and National Center for Atmospheric Research Staff 2016), a
CSIRO derived version of gridded PET from Princeton University (Princeton University 2015), and the
Global Runoff Data Centre (GRDC) discharge data (The Global Runoff Data Centre 2017). We also provide
the option for user-uploaded data where local data is available.

We use the GADM database of Global Administrative Areas (Robert Hijmans 2017) for a global database of
administrative area names and types at varying levels. The Gridded Population of the World, Version 4
(Center For International Earth Science Information Network-CIESIN- Columbia 2016) is used to calculate
population estimates on a sub-basin scale, and subsequently estimates of water use demand.

The application server is responsible for the interaction between the web application and backend services. It
exposes an API for querying and accessing HydroSHEDS and other spatial data; reach definition processes;
model definition and operation; user accounts; and climate data processing. It is implemented in Python using
Python Flask, and Python Eve. Each of the APIs handles the interactions with specific internal and 3™ party
libraries and data. For example, the model API handles the interaction with the Python Fortran model
wrapper; the HydroSHEDS API interacts with the HydroSHEDS data in Postgis. The model is implemented
in Fortran with a Python wrapper that marshals function calls using ctypes (Heller 2017).

Geoserver (Deoliveira 2008) is used to serve Web Mapping Service (WMS), Web Feature Service (WFS),
and Web Processing Service (WPS) interfaces to the client application. It is linked to the PostGIS database,
which contains the HydroSHEDS data. The web application makes use of the WFS and WPS services to
query and extract relevant features from HydroSHEDS. The climate data are stored in NetCDF and processed
using a Python library (Rahman 2017), which makes use of the rasterstats library (Perry 2017). Derived time-
series from both climate data and model processing are stored in the Senaps platform (Coombe et al. 2017)
through its API.

The web application has been developed using the Angular framework and the Typescript programming
language. The user interface provides spatial context to users through relevant maps and spatial data. An
example screenshot from the reach configuration stage is shown in

Figure 4.

1625



Taylor et al., Basin Futures: supporting water planning in data poor basins

O BASIN FUTURES o s 050 connon s
New Model / Model Details / Climate Data / Run baseline / Results and Scenarios Current Model: New model in East Godavari (Change) [
New model in East Godavari details +
Name New model in East Godavari -
Description Description of your model M

Kotta on river Kolab River

Useful contextual information

Daily discharge from Giobal Runoff Data Centre
@ Show detailed river network @ Show nearby gauging stations

Show storages in basin

Model Reaches (9 configured)

Configure reach data Upper Kolab

Reach name Upper Kolab

& Storages @

Figure 4. Reach configuration interface

S. DISCUSSION AND FUTURE WORK

The current implementation of Basin Futures is an advanced proof of concept. We are developing a number
of case studies in different countries to determine the effectiveness of the system. In addition to these case
studies, development work is ongoing in a number of areas. We are in the process of integrating an approach
to calibrate the model components (rainfall runoff, river routing, storages etc.), which will likely involve the
use of existing tools (Doherty and others 1994) (Duan, Gupta, and Sorooshian 1993).

Existing work within CSIRO has developed a dam site assessment method (Petheram, Gallant, and Read
2017) that we are hoping to integrate with the platform. This would provide feasible locations for dam
construction, which could then be used under development scenarios to understand potential benefits and
effects on the downstream system.

Groundwater is a significant source of water for rural, urban and industrial demand in addition to crop
production in developing countries. While the Reach model has some appropriate hooks built in for
interaction between the surface water component and groundwater system, significant further work is
required to implement a module to service these interactions.

Work is currently underway within CSIRO to investigate appropriate structures and data needs for a water
quality module to interface with GR4J, the Reach module and the planned groundwater module. The
Sustainability Indicators currently linked to the Reach module are currently under further refinement by
CSIRO to more closely align with more widely accepted Sustainable Development Goals linked to water and
basin scale processes.

Basin Futures aims to provide an integrated online tool to support rapid water resource assessments using
global data, simple models, and visualization of scoping-stage development scenarios. It aims to lower the
barrier to entry to the existing range of basin modelling tools available, by kick starting a basic user’s
understanding of water resource availability at basin scale. Basin Futures is not aimed at modelling regulated
systems or supporting water trading or water sharing. Its key goal is to enable a cohort of users requiring
early stage understanding of water resources to support planning outcomes. The outputs will also guide
where more definitive answers, and data, will be required by the appropriate use of more powerful software.

ACKNOWLEDGMENTS

The Basin Futures concept and development has been supported and funded through the CSIRO. We would
like to acknowledge our partners in the development of Basin Futures, including, Flowmatters Pty Ltd,
Catchment Research Pty Ltd, Council on Energy, Environment and Water, the Australian National University
and International Commission on Irrigation and Drainage.

1626



Taylor et al., Basin Futures: supporting water planning in data poor basins

REFERENCES

Al-Sabhan, W, M Mulligan, and G. A Blackburn. (2003). “A Real-Time Hydrological Model for Flood
Prediction Using GIS and the WWW.” Computers, Environment and Urban Systems 27 (1): 9-32.
do0i:10.1016/S0198-9715(01)00010-2.

Beven, K. (2007). “Towards Integrated Environmental Models of Everywhere: Uncertainty, Data and
Modelling as a Learning Process.” Hydrol. Earth Syst. Sci. 11 (1): 460—67. doi:10.5194/hess-11-
460-2007.

Mac Coombe, Paul Neumeyer, Joe Pasanen, Chris Peters, Chris Sharman, Peter Taylor. (2017). “Senaps: A
Platform for Integrating Time-Series with Modelling Systems.” To appear at MODSIM 2017,
Hobart Australia.

Blaschek, Michael, Daniel Gerken, Ralf Ludwig, and Rainer Duttmann. (2015). “The CLIMB Geoportal - A
Web-Based Dissemination and Documentation Platform for Hydrological Modelling Data.” In ,
17:6483. http://adsabs.harvard.edu/abs/201 SEGUGA..17.6483B.

Castrogiovanni, E. M., G. La Loggia, and L. V. Noto. (2005). “Design Storm Prediction and Hydrologic
Modeling Using a Web-GIS Approach on a Free-Software Platform.” Atmospheric Research 77
(September): 367-77. doi:10.1016/j.atmosres.2004.12.015.

Center For International Earth Science Information Network-CIESIN- Columbia (last). (2016). “Gridded
Population of the World, Version 4 (GPWv4): Population Count.” Gridded Population of the World,
Version 4 (GPWv4).: Population Count. doi:https://doi.org/10.7927/h4x63jvc.

Dasgupta, Partha, and Karl-Goran Mailer. (2000). The Environment and Emerging Development Issues.
Oxford University Press.

Deoliveira, Justin. (2008). “GeoServer: Uniting the GeoWeb and Spatial Data Infrastructures.” In
Proceedings of the 10th International Conference for Spatial Data Infrastructure, St. Augustine,
Trinidad, 25-29.

Funk, Chris, Pete Peterson, Martin Landsfeld, Diego Pedreros, James Verdin, Shraddhanand Shukla, Gregory
Husak, et al. (2015). “The Climate Hazards Infrared Precipitation with Stations—a New
Environmental Record for Monitoring Extremes.” Scientific Data 2 (December).
doi:10.1038/sdata.2015.66.

Heller, Thomas. (2017). Ctypes: Create and Manipulate C Data Types in Python, Call Functions in Shared
Libraries (version 1.0.2). Windows,Linux,MacOS X,Solaris,FreeBSD. C, Python. Accessed August
2. http://starship.python.net/crew/theller/ctypes/.

Lehner, Bernhard, and Giinther Grill. (2013). “Global River Hydrography and Network Routing: Baseline
Data and New Approaches to Study the World’s Large River Systems.” Hydrological Processes 27
(15): 2171-86. doi:10.1002/hyp.9740.

Messager, Mathis Loic, Bernhard Lehner, Giinther Grill, Irena Nedeva, and Oliver Schmitt. (2016).
“Estimating the Volume and Age of Water Stored in Global Lakes Using a Geo-Statistical
Approach.” Nature Communications 7 (December): 13603. doi:10.1038/ncomms13603.

Palomino, Jenny, Oliver C. Muellerklein, and Maggi Kelly. (2017). “A Review of the Emergent Ecosystem
of Collaborative Geospatial Tools for Addressing Environmental Challenges.” Computers,
Environment and Urban Systems 65 (September): 79-92.
doi:10.1016/j.compenvurbsys.2017.05.003.

Pendergrass, Angeline, and National Center for Atmospheric Research Staff. (2016). The Climate Data
Guide: GPCP (Daily): Global Precipitation Climatology Project.
https://climatedataguide.ucar.edu/climate-data/gpcp-daily-global-precipitation-climatology-project.

Perrin, Charles, Claude Michel, and Vazken Andréassian. (2003). “Improvement of a Parsimonious Model
for Streamflow Simulation.” Journal of Hydrology 279 (1): 275-89. doi:10.1016/S0022-
1694(03)00225-7.

Perry, Matthew. (2017). Rasterstats: Summarize Geospatial Raster Datasets Based on Vector Geometries
(version 0.12.0). OS Independent. Python. Accessed July 31. https://github.com/perrygeo/python-
raster-stats.

Princeton University. (2015). “Princeton/NASA Earth System Data Record of Atmospheric Evaporative
Demand.” http://hydrology.princeton.edu/data.measures_pet.php.

Rahman, Joel. (2017). Climate-Utils. https://github.com/flowmatters/climate-utils.

Robert Hijmans. (2017). “Global Administrative Areas.” Accessed July 31. http://www.gadm.org/.

Svaton, Vaclav, Michal Podhoranyi, Radim Vavtik, Patrik Veteska, Daniela Szturcova, David Vojtek, Jan
Martinovi¢, and Vit Vondrak. 2017. “Floreon+: A Web-Based Platform for Flood Prediction,
Hydrologic Modelling and Dynamic Data Analysis.” In Dynamics in Glscience, 409-22. Lecture
Notes in Geoinformation and Cartography. Springer, Cham. doi:10.1007/978-3-319-61297-3 30.

The Global Runoff Data Centre. (2017). Global River Discharge. 56068 Koblenz, Germany.

1627





